A novel eight-coordinated dinuclear Ca ( , µ = 0.572 mm −1 , F(000) = 552, and final R 1 = 0.0308, ωR 2 = 0.0770. Dinuclear Ca(II) molecules form a 1D chained structure by π-π stacking interaction. The 1D chains form a 3D framework structure by the π-π stacking interaction and hydrogen bonds. The in vitro cytotoxic activity activity of 1 against HL-60 and MLTC-1 was also investigated.
Introduction
The biological activities of metal complexes have been a hot research topic since cisplatin was used as an antitumor drug. Many metal complexes with transition metals as center ions show excellent antibacterial and antitumor activities, such as Cu(II) [1] [2] [3] , Zn(II) [4] [5] [6] , Mn(II) [7] [8] [9] , Ni(II) [10] [11] [12] , Ag(I) [13] [14] [15] , and so on. Meanwhile, hydrazone compounds also exhibit good biological activities and are a kind of good ligand [16] [17] [18] . Hence, the design and synthesis of novel hydrazone compounds and their transition metal complexes have received more attention. However, compared with transition metal complexes, the studies on the antibacterial and antitumor activities of Ca(II) complexes are rare. The investigations of the synthesis and properties of Ca(II) complexes have always been one of our goals [19] [20] [21] [22] [23] [24] [25] . In this work, we synthesized a novel eight-coordinated dinuclear Ca(II) complex, [Ca 2 (L) 2 (H 2 O) 10 ]·H 2 O (1), by the reaction of 3-pyridinecarboxylic hydrazide, disodium 4-formylbenzene-1,3-disulfonate, and Ca(ClO 4 ) 2 ·4H 2 O. Complex 1 was characterized by elemental analysis, IR spectrum, 1 H-NMR, 13 C-NMR, and single crystal X-ray crystallography. The in vitro cytotoxic activity of 1 against HL-60 and MLTC-1 was also investigated.
Results and Discussion

Properties of 1
The data of elemental analysis for C, H, and N are C, 29.35; H, 3.95; N, 7.90% (Calcd.); C, 29.17; H, 4.28; N, 7.75% (Found). Thus, the dinuclear Ca(II) complex conforms to the formula C26H42Ca2N6O26S4.
The dinuclear Ca(II) complex are soluble in DMF, DMSO, H2O, and CH3OH, insoluble in THF, CHCl3, and benzene.
IR Spectrum of 1
The IR spectrum of the dinuclear Ca(II) complex is shown in Figure 1 . The strong peak at 3473 cm −1 corresponds to the ν(OH) vibration of H2O molecules in 1. The peaks at 1683 cm −1 and 1561 cm −1 can be assigned to ν(C=O) and ν(C=N), showing that the C=O and C=N groups do not coordinate to Ca(II) ion [26] . The peaks at 1253 cm −1 and 1,192 cm −1 demonstrate the existence of coordination bonds between SO3 − groups and Ca(II) [27] . 13 
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Description of 1
The result of X-ray single-crystal diffraction reveals that the novel eight-coordinated dinuclear Ca(II) complex 1 crystallizes in a triclinic P-1 space group. The coordination environment of Ca(II) of 1 is shown in Figure 2 . From Figure 2 , the asymmetric unit of 1 contains two Ca(II) ions, two 4-formylbenzene-1,3-disulfonate-3-pyridinecarboxylic hydrazone ligands, ten coordinated H2O molecules, and one uncoordinated H2O molecule. Each Ca(II) ion in 1 is eight-coordinated to three oxygen atoms (O2A, O5, O6 or O2, O5A, O6A) from two 4-formylbenzene-1,3-disulfonate-3-pyridinecarboxylic hydrazone ligands and five coordinated H2O molecules (O8, O9, O10, O11, O12 or O8A, O9A, O10A, O11A, O12A). The coordination geometry of Ca(II) can be described as a distorted trigonal dodecahedron.
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In Vitro Cytotoxic Activity
The data of in vitro cytotoxic activity of dinuclear Ca(II) complex 1 against HL-60 and MLTC-1 are given in Table 3 . The concentration of DMSO was controlled under 1% to assure not to affect the results. The results show that the dinuclear Ca(II) complex 1 has an obvious cytotoxic effect against HL-60 cells and MLTC-1 cells. The dinuclear Ca(II) complex 1 has a stronger cytotoxicity against MLTC-1 cells with lower IC50 (19.51 µg/mL). 
Experimental Section
Materials and Instrumentation
3-Pyridinecarboxylic hydrazide, disodium 4-formylbenzene-1,3-disulfonate, Ca(ClO 4 ) 2 ·4H 2 O, and solvents were obtained from commercial sources and used without further purification. Elemental analysis was carried out on an Elementar Vario EL III analyzer (Elementar, Hanau, Germany). The IR spectrum was recorded in the 4000-400 cm −1 range on an infrared spectrophotometer (Beijing Purkinje General Instrument, Beijing, China). 1 H NMR and 13 CNMR spectra were recorded on a Bruker Avance-400 spectrometer with DMSO-d 6 as the solvent. Crystal data of the dinuclear Ca(II) complex 1 were collected by a Bruker Smart CCD diffractometer (Bruker, Billerica, MA, USA). 
Crystal Structure Determination
A single crystal of dinuclear Ca(II) complex 1 with dimensions of 0.22 mm × 0.21 mm × 0.20 mm was chosen for data collection. The X-ray diffraction data of dinuclear Ca(II) complex 1 were collected on a Bruker Smart CCD diffractometer with a graphite-monochromatized MoKα (λ = 0.71073 Å) radiation using the ω-ϕ scan mode (1.66 • ≤ θ ≤ 25.09 • ). The structure was solved by direct methods with SHELXL-97 [28] and refined on F 2 by full-matrix least-squares procedures with SHELXTL-97 [29] . The crystal data of 1 are given in Table 4 . 
In Vitro Cytotoxic Activity
The tested cells (HL-60 and MLTC-1) were provided by Taishan Medical University. The harvested HL-60 and MLTC-1 cells were incubated for 48 h at 37 • C in a humidified 5%CO 2 -90%N 2 -5%O 2 atmosphere. The drug (complex 1) with different concentrations (5, 10, 20, 30, 40 , and 60 µg ml −1 ) was tested for its IC50 against HL-60 and MLTC-1 cells, following the procedure previously described [23] .
Conclusions
In this paper, a novel eight-coordinated dinuclear Ca(II) complex, [Ca 2 (L) 2 (H 2 O) 10 ]·H 2 O (L = 4-formylbenzene-1,3-disulfonate-3-pyridinecarboxylic hydrazone) (1), was synthesized by the reaction of 3-pyridinecarboxylic hydrazide, disodium 4-formylbenzene-1,3-disulfonate, and Ca(ClO 4 ) 2 ·4H 2 O in ethanol-water solution (v:v = 3:1) at 50 • C. Dinuclear Ca(II) complex 1 was characterized by elemental analysis, IR, and X-ray single crystal diffraction analysis. The molecules of 1 form a 1D chained structure by π-π stacking. 1D chains form a 3D framework structure by the interaction of π-π stacking and hydrogen bonds. The dinuclear Ca(II) complex 1 has marked cytotoxic effect against HL-60 cells and MLTC-1 cells.
